of oxygen consumption in brown fat cells seen after the addition of norepinephrine is thought to be secondary to the stimulation of adenylate cyclase and result from a K+-dependent uncoupling action of free fatty acids released as a result of activation of lipolysis by cyclic AMP. The present studies indicate that there was a good correlation between the ability of catecholamines and serotonin (5-hydroxytryptamine) to affect cyclic AMP accumulation, lipolysis, and respiration. Propranolol, a beta-adrenergic antagonist, blocked the effects of both serotonin and norepinephrine. at a concentration of 1 mg/ml in phosphate buffer containing 4 % albumin and 2.8 mM glucose. The buffer was prepared fresh daily, and the pH was adjusted to 7.4 with NaOH after addition of defatted bovine fraction V albumin powder (lot G35607 was used for all studies except those on cyclic AMP accumulation in which lot 36,912 was used) from Armour Pharmaceutical Company. Defatted albumin was prepared by the procedure of Guillory and Racker (11). The phosphate buffer contained NaCl, 128 mM; CaClz , 1.4 mM; MgS04 , 1.4 mM; KCl, 5.2 mM; and Na2HPO4, 10 mM. For studies involving uniformly labeled glucose, the free cells were washed 3 times with 4 % defatted albumin buffer containing glucose, and then .5 ml of cells was added to each siliconized Warburg single sidearm Aask containing 2.5 ml of 4 % defatted albumin buffer with 2.8 mM glucose and approximately 0.078 PC of glucose-U-14C/ml. Carbon dioxide was absorbed on rolled filter papers, in the center wells of the flasks, containing 0.2 ml of 10 % KOH. The filter papers were removed at the end of the incubation and counted in 10 ml of Bray's solution (3).
Oxygen consumption was measured in a Gilson respirometer at 37 C. The respirometer flasks were gassed with 100 % oxygen for 3 min and equilibrated for 30 min prior to the start of the period over which respiration was measured. The basal rate of oxygen consumption was linear over the entire period.
In the respirometer studies involving propranolol, theophylline, and ouabain, the drugs were present in the incubation medium prior to the measurement of oxygen consumption. Lipolytic agents were added from the sidearms at the end of the equilibration period. In the studies in which lipolysis and cyclic AMP accumulation were measured, the celis were incubated for 30 min in 0.5 ml of 4 % albumin buffer with 2.8 mM glucose prior to the addition of lipolytic agents. At the end of this time period, lipolytic agents and all drugs were added, except ouabain, which was present from the start of the experiment.
In those tubes used for cyclic AMP analysis, after 5 min of further incubation, 50 ~1 of 50 % trichloroacetic acid were added. Lipolysis was measured in tubes incubated for 60 min after the addition of the lipolytic agents. Total cyclic AMP was determined on duplicate aliquots after extraction of the trichloroacetic acid with ether. The protein-binding assay of Gilman (9) was used for analysis of cyclic AMP. The assay was conducted at pH 6 in a total volume of 35 ~1 with the use of a binding protein purified up to the diethylaminoethyl cellulose step. Instead of collecting the bound cyclic AMP on membrane filters, it was separated from the unbound cyclic AMP by addition of 0.6 ml of Norit A charcoal suspended (60 mg/ 100 ml) in 20 mM phosphate buffer, pH 6.0, containing 0.5 70 bovine serum albumin.
After a minimum of 5 and a maximum of 10 min, the tubes were centrifuged to pellet the charcoal. An aliquot (0.5 ml) of the supernatant was taken to determine the bound radioactive cyclic AMP. The use of charcoal is similar to the method of Brown et al. (4).
S h c warz/Mann; 5-hydroxytryptamine creatinine sulfate (serotonin), Aldrich Chemical Company; and I-norepinephrine (noradrenaline or arterenol), Calbiochem.
RESULTS
Relationship between li'olysis and respiration. Salbutamol is a catecholamine derivative which is more potent than isoproterenol as a bronchodilator (12) but less active as an activator of lipolysis (6). In brown fat cells Salbutamol increased lipolysis, and its lipolytic action was potentiated by theophylline (Table 1) . It has been suggested that Salbutamol might be more potent than epinephrine as a stimulator of respiration in brown adipose tissue (1) . However, the data in Table 1 indicate that there was a good correlation between lipolysis and oxygen consumption by brown fat cells in the presence of Salbutamol.
The potentiation of the lipolytic action of catecholamines by theophylline is presumably due to its ability to inhibit the breakdown of cyclic AMP by phosphodiesterase. We
At the end of the incubation period, aliquots of the medium were taken for determination of glycerol (24), lactate (15), and free fatty acid (7). Triglyceride content was determined from the total fatty acid content and is used for convenience to express the amount of cells present in each experiment (7).
found that dibutyryl 3') 5'-cyclic AMP had the same effect as theophylline on the sensitivity to catecholamines. A concentration of 0.01 FM norepinephrine had no effect on oxygen consumption or lipolysis in the absence of DB-CAMP, Efects of ouabain on action of lipolytic agents. Ouabain inhibited the lipolytic action of catecholamines on white fat cells (5, 14) , but potentiated that of theophylline (5). Previously we found no effect of 0.04 mM ouabain on the stimulation of respiration or lipolysis by theophylline in brown fat cells (19). I n view of the hypothesis that stimulation of a ouabain-sensitive Na +-K+-ATPase is involved in the calorigenie action of catecholamines (13, 16), we reinvestigated the question using higher concentrations of ouabain. In the studies shown in Fig. 2 Basal rates were unaffected, whereas the action of theophylline alone on both respiration and lipolysis were stimulated by 0.1 mM ouabain. We also observed an increase due to ouabain in glucose conversion to CO2 , which was accompanied by an inhibition of lactate formation.
The ability of sodium octanoate to stimulate respiration in brown fat cells was unaffected by incubation with 1 mM ouabain for 30 min prior to addition of the free fatty acids (Fig. 3) . Ouabain stimulated glucose oxidation and inhibited lactate accumulation in the presence of added octanoate, which indicated that ouabain was active in the experiments shown in Fig. 3 .
Lz$olytic agents and cyclic AMP accumulation in brown fat cells. The results shown in Fig. 4 and 5). The small increase in cyclic AMP accumulation due to 5 PM serotonin was consistently seen, and the range of values for the three experiments shown in Fig. 4 was from 0.25 to 0.37 nmoles cyclic AMP. Norepinephrine at 0.1 PM gave a maximal stimulation of glycerol release, but a further increase in cyclic AMP accumulation resulted from increasing the norepinephrine concentration to 1 PM. In the studies on cyclic AMP accumulation, serotonin alone was able to increase glycerol release and cyclic AMP content (Fig. 4) . were incubated for 30 min in 0.5 ml of buffer containing 4% albumin and 2.8 mM glucose, and then norepinephrine or serotonin was added and incubation continued for 5 more min in tubes where cyclic AMP was measured and for 60 min for measurements of fatty acid release. Values for cyclic AMP are increments due to norepinephrine, serotonin, or serotonin plus 0.8 mM theophylline over basal cyclic AMP content, which was 2.6 nmoles/ mmole of triglyceride.
Values for glycerol release are also increments over basal value, which was 20 pmoles/mmole of triglyceride. Values are means of 3 paired experiments.
The correlation between the cyclic AMP accumulation at 5 minutes and the glycerol release over 60 minutes of incubation was fairly good in the range between 2.5 and 4 nmoles/mmole triglyceride (Fig. 5) . Increasing the cyclic AMP content above this point by high concentrations of methylxanthines was not associated with any increase in lipolysis (Fig. 5) . It is of interest that less than a 20 % increase in total cyclic AMP is associated with a marked increase in lipolysis. Whether the increases in cyclic AMP accumulation seen 5 min after the addition of lipolytic agents accurately reflect the effects of these agents on cyclic AMP values over the entire period of the lipolysis measurements (60 min) remains to be established.
The stimulation of cyclic AMP accumulation by serotonin was also completely blocked by 33 PM propranolol. Basal cyclic AMP content in three experiments was 2.9 in the absence and 4.0 nmoles/mmole triglyceride in the presence of serotonin. Cyclic AMP in the presence of propranolol alone was 2.9, whereas in the presence of propranolol and 50 PM serotonin, it was 2.8 nmoles/mmole triglyceride. Ouabain inhibited the increase in both cyclic AMP accumulation and lipolysis due to varying concentrations of norepinephrine (Fig. 6 ). In these studies the cells were incubated with 1 
